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1. Figure S1 2. Figure S2 3. Figure S3 4. Figure S4 5. Figure S5 6. Figure S6 7. Microkinetic Modeling for Sabatier Activity 8. Table S1 9. Table S2 Figure S1 Here we provide an understanding about how to make a B30N30 cage. To construct 1-B30N30 type cage, the first two steps involve replacing C-C bonds in each pentagon by B-B (step 1) and N-N bonds (step 2), so that there are 6 B-B and 6 N-N bonds in the cage. Depending on the distance between B2 and N2 bonds, different types of stoichiometric B30N30 can be obtained. Here out of six pentagons, four B2 bonds are separated by one atom and two B2 bonds are separated by two atoms. The same procedure is followed for the N2 bonds to complete the filling of pentagons. In step 3, we replace the remaining carbon atoms with alternating B and N atoms (C-C by B-N) in maximum possibility. In final step 4, we placed the B or N atom in place of remaining carbon atoms, while restricting the homonuclear bonds to a maximum of three B (B-B-B) and three N (B-B-N) atoms. As we estimated the DOPS using plane wave based VASP code, for confined system we use 1x1x1 k-points. So at around 0 THz a peak has been observed in all the cases, which is related to translational motion of whole structure. The peak has no relation with the structural instability. Figure S4 .Optimized geometries of adsorption of (a), (b), (c) O 2 molecule on B1, B2, B3 respectively; (d),(e),(f) CO molecule on B1, B2, B3 sites respectively; (g), (h), (i) CO 2 molecule on B1, B2, B3 sites respectively on 1-B27N33 cage.E ad is denoted for adsorption energy of particular molecule. E ad is estimated using PBE/PBE-D functional. Figure S5 : Density of states of CO 2 molecule in the bent configuration. It can be seen that the 2π* orbital splits into two non-degenarate levels above the Fermi level. Figure S6 . Optimized geometries of CO oxidation reaction steps on B2 site of B27N33.
Microkinetic Modeling for Sabatier Activity:
The Sabatier activity was calculated using the microkinetic model for the LH mechanism as follows:
The reaction proceeds as:
R1 and R2 denote the adsorption of CO and O 2 respectively while in R3, the simultaneous adsorption of the two reactants results in a stable intermediate that reacts to form CO 2 .
Reactions R1 and R2 are assumed to be in equilibrium so that the forward and reverse rates are equal:
The rate determining step is R3 and hence the rate of CO 2 formation can be taken as the maximum of the rate of the reaction R3. Sabatier activity is the upper bound of the reaction rate R3, considering its forward rate alone: Finally, the Sabatier activity is calculated as
The oxygen molecule is initially in the triplet state before interacting with CO and the nanocage. This is confirmed by our VASP results, wherein the magnetic moment of an isolated oxygen molecule is calculated to be 2μ B , indicating a spin multiplicity of 3. The first step of CO oxidation may either be, case (i) : the adsorption of CO on the nanocage (CO* On comparing the S.A of the nanocages with that of other catalysts, it can be observed that the proposed BN-60 nanocages may exhibit catalytic activity comparable to a few other conventional catalysts and the B30N30 cages have SA that is almost equal to 12Ag-1Pd and 12Au. Also, in order to develop future metal-free catalysts based on these BN nanocages, the boron-boron bonds have to be tailored effectively so that the reactivity of the system toward CO oxidation is enhanced, while at the same time not compromising the stability.
